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STRUCTURAL INFORMATIONS ON THE KEROGEN OF THE 
HUNGARIAN OIL SHALE 
M . HETENYI a n d K . SIROKMAN 
I N T R O D U C T I O N 
Geo-organic materials, among others the oil shales themselves, are extremely 
complex. Their chemical structure is recently hardly known and concerning the 
kerogen of the highly vexed oil shale of Green River (USA) only a working modell 
of ever "changing character can be even established [YEN, 1976] . 
The basis of the method of structure research is the degradation of kerogen 
into smaller structural units. The most wide-spread degradation method is the 
oxidation and the most frequently but not solely used oxidation medium is the 
alkaline potassium permanganate. Based on the structural units formed during oxida-
tion conclusions are tried to be drawn to the monomers forming the kerogen. In 
case of a given kerogen and according to the parameters of isolation and degradation 
procedure as well as to the applied analytical methods various results can be obtained, 
thus the conclusions of different authors are not always the same. Out of the forming 
compounds numerous ones can be produced by the oxidation of mineral components 
thus their removal from the kerogen is highly significant [DJURICIC et al. 1971] . 
The mode of the degradation procedure, i.e. it is carried out in one step or stepwise, 
leads to other conclusions. The temperature, the duration as well as the fact that 
the formed Mn(IV)-oxide is removed after each step or will be removed only after 
the completion of the whole degradation process, are only a few factors among 
those which may influence the composition of the product formed in this way. 
The compounds produced during artificial decomposition are already rather 
complex", all the more so since these are not compounds but compound groups. 
Their analysis depends on the applied techniques and on the resolution capacity 
of the applied instruments. E.g. having analyzed the Green River kerogen after 
oxidation by means of gas-liquid chromatography significant quantity of straight-
chain aliphatic structures was found which have been recently identified by means 
of proton-NMR-spectroscopy mostly as fused-ring cycloalkanes [YOUNG and YEN, 
1977] . 
Though among the kerogens deriving from different localities and being of 
different ages and origin considerable differences may exist concerning their struc-
tures, the kerogens known so far and based on their oxidation behaviour can be 
assigned to several groups and those being assigned to the same group are nearly 
of the same structural built-up. 
As to the working model mentioned above the Green River kerogen is a 
multipolymer, a non-uniform three-dimensional gel-network which is inhomo1-
geneous due to its bio- and diagenesis. The multipolymer is built up by two kinds 
of monomers: by difunctional bridges and by multifunctional components. M U R P H Y 
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et al. [1971] who investigated also this kerogen, suggest it to consist of a central 
nucleus and of a periphery which is more advantageous from the point of view 
of degradation effects. According to DJURICIC [ 1 9 7 1 ] the nucleus is built up by 
long polymethylene bridges. 
The kerogen "tasmanite" is built up also by a nucleus and by the joining 
chains. The nucleus is of aromatic structure, its chains consist mostly of disordered, 
undersaturated hydrocarbon polymers [SIMOINET and BURLINGAME, 1973] . 
The kerogen of the Aleksinac oil shale of Yugoslavia is so highly heterogeneous 
that it consists of two structurally also different organic materials which has been 
proved both by chemical and by micropetrographic measurements. One part is 
humic, the other (being of greater amount) is more resistent and of bituminous 
character [VITOROVIC et al., 1973] . This bituminous part consists of relatively long 
aliphatic chains which are bound by cross-bonds [STEFANOVI6 et al., 1959] . 
In this paper the partial results of the oxidation of kerogen of the Hungarian 
oil shale by potassium permanganate will be discussed. This oil shale was discovered 
by the co-workers of the Hungarian State Geological Institute [JAMBOR A . et al., 
1976]. The investigated sample derives from the borehole Put—7, in the environ-
ment of Pula. In the course of the degradation investigations of the kerogen we 
tried to assign it to any of the types mentioned above and to find similarities with 
other thoroughly investigated kerogens of oil shales, respectively. In favour to do 
this an oxidation and isolation method has been chosen which has been applied 
to the degradation of several different kerogens. Thus, the method of VITOROVIC 
et al. [1973] was followed. The organic acids formed during the analyses have been 
analyzed by means of infrared spectroscopy and gas-liquid chromatography. 
E X P E R I M E N T A L 
The sample of the Hungarian oil shale was placed at our disposal by the Hun-
garian State Geological Institute. The results of DTA and IR-investigations on 
Hungarian oil shale kerogen were reported by G Y . GRASSELLY, M. BERTALAN and 
Cs. SAJGO [1977]. 
The raw sample was ground and sieved down to mesh 100, than the soluble 
fraction was removed in Soxhlet extractor. The extraction was carried out by chloro-
form (Bit—A) resp. by the mixture of benzene: acetone: methanol (75:15:15; 
BAM). Having removed the soluble fraction the kerogen was separated from the 
mineral components by physical method, i.e. in aqueous solution of calcium chloride 
(¿=1.19). The degree of purity of the kerogen was controlled by density and ash-
content measurements. The characteristic features of the bitumen fractions as well 
of the kerogen are summarized in Table 1. 
3.5 g kerogen {i.e. 3.25 g organic matter) was step-wise oxidized by alkaline 
potassium permanganate. The relationship between the time of oxidation and the 
oxidizing agent is shown in Fig. 1. In each step 1.25 g potassium permanganate 
was added in 100 ml potassium hydroxide of 1.6% and it was kept oh water-bath 
of 60° C till the red colour of potassium permanganate disappeared and the brown 
colour of manganese dioxide occurred. The soluble products formed during oxida-
tion were removed in order to prevent their further transformation. The solid part 
containing the unoxidized kerogen and the manganese dioxide was oxidized again 
in the second step under similar conditions described above. Since in the sixteenth 
step the potassium permanganate was not reduced already after 50 hours, oxida-
tion was regarded to be complete. After the final oxidation step the surplus of po-
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Analytical, data on organic matter of Hungarian oil shale 
TABLE 1 
Bitumen-A Bitumen-BAM Kerogen 
O r i g i n a l s a m p l e 
Quantity 
% 
3.95 2.01 11.00 
O r g a n i c m a t t e r 
C 
% 
68.90 74.80 73.60 
H 
% 
12.10 11.60 11,70 
H/C 
atomic ratio 
2.0 1.8 1.9 




g KMn04 / I g kerogen 
Fig. I. Rate of oxidation, based on one gram of kerogen 
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tassium permanganate and the manganese dioxide were reduced by sulphur dioxide. 
The solid residue is about 5 per cent of the original organic matter. 




Fig. 2. Schematic outline of the experimental procedures 
the method as below: the neutral and basic products were removed by ethereal 
extraction (1st fraction). The alkalic solution was acidifyed by hydrochloric acid 
to pH = l, the precipitated acids were removed by filtration (2nd fraction). The 
acid solution was etherifyed again collecting in the ethereal fraction the ether-soluble 
acids (3rd fraction). The total quantities of each fractions as well as the oxidation 
residue characterizing the kerogen of the Hungarian oil shale and the two checking 
samples are summarized in Table 2. The quantities of the fractions were determined 
in each steps and were plotted against the number of oxidation steps (Fig. 3). 
TABLE 2 
Products and residue recovered by oxidation of different oil shales 
Oil shales 
Oxidation products 
Fraction 1 Fraction 2 Fraction 3 





(Australia) 0.54 0.66 15.80 66.20 13 
Aleksinac 
(Yugoslavia) 0.75 24.90 35.10 1.16 9 
Oil shale 
(Hungary) 19.00 46.00 5.00 5.00 16 
Green River 
(USA) — 46.00 27.00 — 9 
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The ether-soluble acids were esterifyed by means of hydrochloric acidic methanol 
under carbon dioxide atmosphere during 120 minutes and treated at 80° C, then 
these were extracted by hexane and the hexane-soluble esters were analyzed by 
means of gas-liquid chromatograph (GLC). 
Parameteres of the GLC: JEOL IGC—20K type;colonna: SP 23—40; tempera-
ture: 205° C. 
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Fig. 3. The yield of oxidation products obtained from each step 
R E S U L T S 
The IR-records made from the oxidation products of kerogen as well as from 
the oxidation rest do not refer to the presence of aromatic acids. The IR-records 
made from the ether-soluble fractions of the steps 5 and 14 and from the non-
oxidized residue are shown in Fig. 4. In Table 3 the common and most characteristic 
peaks of kerogens as well as their interpretation [SAXBY, 1976] are demonstrated. 
This Table shows also the evaluation of the most characteristic peaks of the IR-
spectra of Fig. 4, as well as the checking coorongite, resp., its adequate wave number 
values, after CANE [1969]. The characteristic aromatic peaks (3000—3080 cm - 1 , 
1500—1520 cm - 1 ) are absent both in the spectra of the unoxidized residue and in 
those of the acids formed during oxidation similarly to those of coorongite. Though 
a smaller peak occurs at 740—850 c m - 1 being attributed to aromatic rings by 
SAXBY but it is well-known that this range is characteristic not only of the com-
pounds mentioned above, but of other inorganic and organic bond types. Thus, it 
cannot be accepted alone to prove the aromatic character. 
As it is known, the oxidation method outlined above was adopted from coal 
chemistry to investigate the kerogens. During oxidation of coals under similar 
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TABLE 3 
Infrared spectra of kerogens and ether-soluble acids derived from Hungarian 
oil shale kerogen 
Kerogens 
( b y SAXBY) 
c m - 1 
C h a r a c t e r i s t i c b a n d s o f i n f r a r e d s p e c t r a 
Hungarian oil shale kerogen 
5. step 14. step Residue 
o f 
Coorongite 
( b y C A N E ) 
c m - 1 
3310—3390 









C = 0 bonds 
1580—1650 
C = C bonds 
HjO deform, 






CH 2 and CH3 
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conditions compounds of aromatic character are formed and the ratio of which 
increases with the progressing coalification. Consequently, the presence of aromatic 
acids among the oxidation products of kerogen relates to the fact that this organic 
matter contains also humic components while the absence of the aromatic acids 
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is characteristic rather of the kerogens of algal origin [CANE, 1976]. Accordingly, 
the kerogen investigated by us seems to be of pure algal origin. This statement 
is supported by the GLC measurements, too, which also did not relate to the presence 
of aromatic acids. 
On the basis of the quantity of the unoxidizable residue the kerogens of the 
oil shales can be assigned to two groups.. It is characteristic of the first group that 
Fig. 4. IR-spectra of the unoxidized residue and ether-soluble acids obtained in the 5. and 14. oxidation 
steps 
it can be nearly completely oxidized, e.g. the Green River oil shale (USA), kukersite 
kerogen (Soviet Union). The kerogens of the other group, e.g. the torbanite (Aust-
ralia) are highly resistent to oxidation. According to our measurements the oxidation 
residue of the kerogen of the Hungarian oil shale amounts to about 5 per cent, i.e. 
it is assigned to the first group. According to CANE [1976] resistance is characteristic 
of the kerogens which derive from algal hydrocarbons, while the good efficiency of 
oxidation is characteristic of the kerogens derived from algal fatty acids. Thus, the 
kerogens of the Green River oil shale and those of the Hungarian oil shale might 
originate from algal fatty acids. The precursor of kerogen of the Hungarian oil 
shale is the alga Botryococcus braunii [JÁMBOR and SOLTI, 1976] . The lipid content 
of the freshwater algae amounts to about 60 to 70 per cent in the so-called "un-
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favourable environment" being poorer in nitrogen salts [ABELSON, 1959] . The lipid 
content may consist of more than 80 per cent fatty acid. Thus, the fatty acid con-
tent of the alga might serve as the source of kerogen. Most of the fatty acids is 
unsaturated, consisting mainly of C16 and C18 and C14 and C20 are also found in 
relatively greater quantities. In the accumulation environment of the Hungarian oil 
shale the water level fluctuation of the small area, and parallel with this the extension 
and conditions of vegetation undergoing also frequent changes, have considerably 
influenced the oxygen production. The flourishing of vegetation increased the oxygen 
quantity, its extinction produced reductive environment [RAVASZ, 1976] . Immediately 
after the deposition following the destruction of the alga, i.e. when integrity of the 
cell wall ceased, the oxygen attacked the fatty acids and produced a highly polymer-
ized kerogen as it has been evidenced by the results of the analyses performed by 
alkaline potassium permanganate oxidation. The high degree of polymerization 
is evidenced also by the fact that though kerogen is oxidizable nearly quantitatively, 
the oxidation is slow under the given experimental conditions. In Fig. 1 the time 
of oxidation is plotted against the quantity of the oxidizing agent. When comparing 
its oxidation with that of the Yugoslavian Aleksinac oil shale [VITOROVIC et al., 1973 ] 
— in which the duration continuously increases from 5 to 60 minutes in the first 
six steps, and this is more than 60 minutes already in the first step in case of the 
Hungarian oil shale; the oxidation time is the same in the first six steps and a slight 
increase between the seventh and twelwth and a sudden one after the twelwth step 
can be observed — it can be assumed that the Hungarian oil shale is probably of 
strongerly polymerized structure. 
The elementary analysis and technological test of the oil shale lead to similar 
conclusions. The average oxygen content amounts to about 15 per cent which is 
a relatively high value. On the basis of the high bitumen content as compared to 
the soluble fraction and obtained by the FISHER-assay, the Hungarian oil shale 
has been qualified as an oil shale of progressed polymerization and of high kerogen 
content [ARATÓ and BELLA, 1976] . 
The fact that the quantity of the ether-soluble acids obtained during the oxida-
tion is relatively small, relates also to high-grade polymerization. In Table 2 the 
products of oxidation of other kerogens performed in the same way, i.e. those of 
the Australian torbanite, of the Yugoslavian oil shale [DJURICRC et al. 1971] , as well 
as the oxidation products of the Green River oil shale's kerogen obtained by different 
method but also with alkaline potassium permanganate [YOUNG and YEN, 1977] 
are summarized. Our measurement results concerning the oxidation of kerogen of 
the Hungarian oil shale are reported also in Table 2. When comparing the data it 
can be seen that during the oxidation of kerogen of the Hungarian oil shale relatively 
great amounts of solid acid are formed (fraction 2) while the third fraction is con-
spicuously small. According to VITOROVIC et al. [1973] the second and third frac-
tions are the same concerning their chemical character. This was evidenced by the 
fact that having oxidized the second fraction by potassium permanganate, ether-
soluble acids were obtained again. Following the previous procedure the solid 
"acids deriving from the third step of oxidation of the Hungarian oil shale, ether-
soluble acids were obtained by the repeated oxidation which similarly to the other 
products were analyzed as demonstrated in Fig. 2. The gaschromatograms of the 
ether-soluble acids formed in the 2nd, 6th and 12th steps are shown in Fig. 5 which 
represent three phases of the oxidation process. Most of the products is a straight-
chain aliphatic monocarbonic acid, between C14 and C24. In harmony with the 
IR-spectra aromatic carbonic acids could not be detected. During similar investiga-
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tions carried out in kerogens of other oil shales straight-chain aliphatic mono-
carbonic acids were also obtained in large quantities. E.g. having oxidized the 
Yugoslavian Aleksinac oil shale [VITOROVIC et al. 1973] monocarbonic acids of 
C 8 — C 2 6 were identified. On the basis of the gas chromatograms of the kerogen's 
oxidation products of the Green River oil shale, the oxidation products seemed 
to be mostly straight-chain aliphatic components [YOUNG and Y E N , 1977] . The 
coorongite was degraded by potassium permanganate [CANE, 1969] . The coorongite 
represents a very early stage of the formation of algal kerogens and can be regarded 
as the peat-state during the coalification of algal shales. Among the acidic products 
mostly mono- and dicarbonic acids of C 1 6 — C 2 2 were identified. 
Fig. 5. The gas chromatogram of the ether-soluble acids obtained in the'2., 6. and 12. oxidation steps 
Investigating the produced monocarbonic acids as a function of the oxidation 
time, in the first six steps (in which the oxidation time is shorter and is the same) 
the gas chromatograms seem to be the same. This is illustrated in Figs. 5a and 5b 
were the gas chromatograms of the ether-soluble acids of the 2nd and 6th steps are 
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shown. Major part of the oxidation products is C 2 2 : 0 , in smaller amounts C 2 3 : 0 
and C21;1 aliphatic monocarbonic acids are also found. (The mode of designation 
is as follows: CN:M> where N denotes the atom-number of С, M is the number 
of double-bonds.) 
From the 7th step the analytical results of the GLC analyses show some changes 
in addition to the increase of the oxidation time. Since from this step the gas chro-
matograms are roughly the same in all steps, only one of them will be presented 
(Fig. 5c). When comparing this with the Figs. 5a and 5b it is seen that in the 
second part of oxidation the composition of the ether-soluble acids is more variegated. 
Mostly C16.0 and C22:1 as well as C20:1 and C18:0 aliphatic monocarbonic acids 
were identified. 
The further oxidation of the solid acids obtained in the 3rd step and investigat-
ing the ether-soluble acids by GLC mostly C22:1 and C20:0 aliphatic monocarbonic 
acids were identified. When comparing this result with the analysis of the ether-
soluble acids obtained in the 3rd step, it is obvious that during repeated oxidation 
the oxidation products show a composition being rather similar to the original one. 
Based on these results it seems to be probable that the kerogen of the Hun-
garian oil shale is highly polymerized and is a "macromolecule" built up by aliphatic 
hydrocarbons as evidenced by the GLC analyses. 
S U M M A R Y 
• The Hungarian oil shale's kerogen was degraded into smaller and simpler com-
pounds which are, however, in structural relation with the complex starting material. 
The products relate to the structure of kerogen, the character of the products 
as well as the efficiency of degradation conclusions can be drawn concerning the 
precursor and possible source of the organic matter, further the type of the organic 
compounds. 
Degradation was carried out by alkaline potassium permanganate which reacts 
with the carbon atom of functional groups or with the neighbouring one. 
Oxidation was carried out step by step in favour to prevent the further oxidation 
of the products. 
In the 16th step the duration of oxidation is more than 50 hours, thus the 
process was regarded to be completed, all the more so since in this stage only 5 
per cent of the organic matter remained unoxidized. 
Investigating the unoxidized and oxidized products compounds of aromatic 
character were not detected either by IR or by GLC method. This relates to the 
fact that the organic matter investigated is practically of algal origin and does not 
contain humic compounds. According to the classification of CANE [1976] it is 
assigned to "kerogen—A". On the basis of the efficiency of oxidation (which proved 
to be very good, i.e. unoxidized kerogen hardly remained) a finer subdivision was 
also made, thus the material is assigned to the type A (i), i.e. it may derive mostly 
from algal fatty acids. 
Taking into account that the precursor of the Hungarian oil shale is the alga 
Botryococcus braunii, its C16 and C18, mostly unsaturated fatty acids were probably 
the source material of the kerogen. 
The unsaturated fatty acids were highly polymerized just after the destruction 
of the algae and produced a complex "macromolecule". In addition to the elementary 
analysis of the oil shale (considerable oxygen content) and to the technological 
analyses (results of the FISHER-assay) the fact refers also to this fact that though 
it can be practically totally oxidized by alkaline potassium permanganate the single 
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oxidation steps, however, need much more time than, e.g. in case of the Yugoslavian 
oil shale oxidized in a similar way. 
The distribution of the oxidation products among the three fractions supports 
also the high-grade polymerization. Relatively small amount of ether-soluble acids 
was formed though the chemical character of the solid acids being the major part 
of the degradation products, is rather similar to that of the ether-soluble acids. 
The similarity of the two fractions is evidenced .by the fact thát repeated oxidation 
on the solid acids resulted in ether-soluble acids again. 
Analyzing the ether-soluble acids produced by oxidation by means of GLC 
considerable quantity of aliphatic monocarbonic acid was detected. Thus, their 
change was followed as a function of progressing oxidation. No conspicuous change 
was determined during the oxidation process, the aliphatic monocarbonic acids 
are C16 to C24, they are saturated in general or contain at least one unsaturated 
bond. Some change can be observed from the 7th step; before this the major part 
of the products is C22:0 and C23:0, while in the second part of oxidation mostly 
C16:0 and in smaller quantity C18:0 aliphatic monocarbonic acids were identified 
in addition to the C22:1 and C20:i ones. 
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